Abstract
Background and aims
Paraoxonase 1 (PON1, OMIM: 168820) is synthesized by liver and secreted into blood [1] . It has both paraoxonase and aryl esterase activities. Although its physiological role in detoxification and in intermediary metabolism is uncertain [2] , it may play an important role against chronic exposure to some toxic environmental chemicals [1] . Deficient mice for Pon1 are sensitive to the toxic effects of chlorpyrifos oxon and are more susceptible to atherosclerosis compared with the wild type mice [3] .
The PON1 gene is polymorphic and its variant alleles occurring at a relatively high frequency in human populations. The Q192R (rs662) and L55M (rs854560) are two missense substitutions in the coding region [1] . The associations between these two genetic variations and the risks of several multifactorial traits have been investigated [4] [5] [6] [7] [8] [9] . Several studies have reported the alteration in PON1 activity in a variety of diseases [1, [10] [11] [12] . It has been reported that PON1 and other enzymes or proteins involved in detoxification or transporter of xenobiotics are associated with risk of diabetes mellitus [13] [14] [15] [16] .
It has been reported that the rs662 and rs854560 PON1 genetic variations are associated with serum paraoxonase activity [2, 12] . According to site directed mutagenesis at position 192 of the PON1, the mutant 192R enzyme compared to the 192Q wild-type, show an enhanced (about 1.7-fold) paraoxonase activity [17] .
Serum paraoxonase activity shows highly variability between individuals [10- 12, 17] . Numerous studies indicated that the paraoxonase activity in healthy participants significantly is associated with the Q912R and L55M polymorphisms . The RR and LL genotypes showed higher paraoxonase activity compared to the QQ and MM genotypes, respectively. However, the amounts of the elevations were not similar between studies for genotypes. To evaluate the relationship between the PON1 polymorphisms (Q912R and L55M) and relative changes of the paraoxonase activity under in vivo condition, the present metaanalysis was carried out.
Materials and methods

Search strategy
Literature databases, including PubMed, Scopus, DOAJ, Index Copernicus, Academic Journals Databases, Serbian citation index, and KoreaMed were searched for relevant studies (before September 2017). The following search terms were used: (PON1 paraoxonase activity, enzyme activity, rs854560, rs669, polymorphism, L55M, and Q192R. The search was limited to studies published in English. In addition the bibliographies of the retrieved studies were screened to identify relevant publications.
Inclusion and exclusion criteria
The eligible published association studies had to meet all the following criteria: useful data including sample size, genotypes distributions and mean (SD) of paraoxonase enzyme activity in serum of healthy control subjects were given in tables. Accordingly, the exclusion criteria were as follows: reviews, meta-analysis, editorial articles, abstracts, comments, and studies with same or overlap data. The application of the above-mentioned criteria yielded 30 reports . Study of Tripi et al., reported paraoxonase activity in two healthy subjects based on the ethnicity of their participants [26] . In another study, authors reported the paraoxonase activity in males and females, therefore, considered as two studies [21] . Therefore 32 studies were eligible for meta-analysis.
Data extraction
The following data were extracted from each study: first author's name, publication year, country, and ethnicity of the individuals involved, frequencies of the genotypes for each polymorphisms, average and SD of the serum paraoxonase activity for each genotype of the study polymorphisms. The genotypes of the PON1 polymorphisms were evaluated by RFLP-PCR or high resolution melting curves by real time PCR methods. In all studies the serum PON1 activity was measured with spectrophotometric assay using paraoxon as substrate.
Statistical analysis
Comparison between observed and expected (based on the Hardy-Weinberg equilibrium) frequencies for each genotype was tested by a chi-square test. The enzyme activities of the genotypes of both polymorphisms were normalized against the activity of the reference genotypes. The LL and QQ genotypes were considered as reference genotypes for L55M and Q192R polymorphisms, respectively.
The pooled effect size as the mean difference and its 95% confidence intervals (95% CI) was calculated. The heterogeneity between studies was evaluated with the Q statistics and the I 2 statistics. If no significant heterogeneity was found between the studies (I 2 <50% and P>0.10 for Q statistics), the pooled mean difference of the enzyme levels was calculated by using the fixed effects model [48] . Otherwise, the random effects model was applied [49] . Two comparisons were performed in our meta-analysis: LM vs LL and MM vs LL (for L55M polymorphism) and QR vs QQ and RR vs QQ (for Q192R polymorphism). We also performed subgroup analysis according to ethnicity (Caucasians, Africans, and Asians) and sample size (less than and more than 100 subjects). Using the QUANTO (http://biostats.usc.edu/software) software, assuming a power of 0.80, =0.05, 25% frequency for the variant alleles, and R 2 G =0.10, a minimum of 74 subjects would be necessary to detect a real difference in the serum paraoxonase activity between genotypes. Therefore, we stratified the studies based on the sample size: less than and more than 100 subjects.
By sequential removal of each study, the sensitivity analysis was performed to evaluate the stability of the findings. To investigate the evidence for publication bias, the funnel plot and Egger's test were used. In the Egger's test, statistical significance was assumed with P<0.05 [50] .
Results
In total, 32 independent studies including 11532 participants were used in the present study . The studies were published between 2000 and 2016. The studies were conducted on different ethnic populations: 18 studies included a Caucasian population, 7 studies included an Asian population (Table 1) , and 6 studies included an African population. The genotyping frequencies in the participants showed significant differences with the expected frequencies in five studies [24, 25, 33, 36, 45] . These studies were excluded from meta-analysis. The associations between the genotypes of the Q192R polymorphism and alterations in serum paraoxonase activity were investigated (Figure 1) . The QR and RR genotypes showed higher activity. The paraoxonase activity were increased +1.016 (95% CI: +0.767 to +1.266, P<0.001) and +2.222 (95% CI: +1.703 to +2.740, P<0.001) in the QR and RR genotypes, respectively. After studies were stratified by ethnicity of their participants and the sample size, the similar findings were observed. Elevations of the enzymes activity in both QR and RR genotypes among Caucasians were greater than the activity among Asians and Africans (Table 2) . Asians revealed intermediate values compared with Caucasians and Africans.
The associations between the genotypes of L55M polymorphism and alterations in serum paraoxonase activity were shown in Figure 2 . The paraoxonase activities in serum of the LM and MM genotypes compared with the LL genotype were significantly decreased -0.250 (95% CI: 0.195 to -0.304, P<0.001) and -0.578 (95% CI: -0.490 to -0.666, P<0.001), respectively (Table 3) . Reduction in the enzyme activity among Caucasians was greater than Africans. There was heterogeneity between studies for both polymorphisms. The source of heterogeneity was assessed by ethnicity (Caucasian/Asian/Africans) and sample size (≤100 / >100 subjects). The subgroup analyses did not reveal any sources contributing to the substantial heterogeneity (Tables 2,3 ). There was no evidence for publication bias (P>0.90). Sensitivity tests indicated that the present findings were stable.
Figure 1. Forest plots of the relationship between the PON1 Q192R polymorphism (A: QR vs QQ; B: RR vs QQ genotypes) and serum paraoxonase activity in healthy individuals
Figure 2. Forest plots of the relationship between the PON1 L55M polymorphism (A: LM vs LL; B: MM vs LL genotypes) and serum paraoxonase activity in healthy individuals
Discussions
Several association studies indicating that serum paraoxonase activity was associated with numerous diseases [3, 11, 12, [17] [18] [19] . Site directed mutagenesis revealed that the missense substitutions Q192R (rs662) and L55M (rs854560) were associated with alteration in paraoxonase activity. In the present metaanalysis we tried to reveal the relationship between genotypes and alteration levels in enzyme activity. Using several search engines, 32 studies were included in the study. The paraoxonase activity in serum of subjects with variant alleles of the polymorphisms were normalized with the activity of the QQ and LL genotypes, respectively. The most important findings of the present meta-analysis are:
1. The R-and M-genotypes are significantly associated by increased and decreased in enzyme activity, respectively.
2. Elevation and reduction in enzyme activity are correlated with the number of R and M alleles, respectively. This is consistent with co-dominant autosomal inheritance patterns.
3. There is significant heterogeneity between studies and we failed to find the source of the heterogeneity (Tables 2,3 ). It has been well established that several environmental factors (such as diet, and life-style) and physiological and pathological states have significant effect on PON1 enzyme activity [1, [10] [11] [12] . At least in part some unknown environmental factors may accounts for heterogeneity between studies.
Using site directed mutagenesis at position 192 of PON1 indicated that the mutant enzyme (192R) has 1.7-fold more activity compared with the wild type (192Q) protein [17] . It is well established that several genetic variations at the PON1 promoter region are correlated with the gene expression level [12, 37] . These polymorphic sites have strong linkagedisequilibrium with each other [26, 37] . The frequency of the polymorphic alleles and haplotypes varies with ethnicity [26, 37] . In articles used for the present meta-analysis, no data on distributions of the haplotypes among populations and their association with enzyme activity was reported.
Some limitations of the present study should be acknowledged. Environmental factors including some of life style (such as smoking habit) may be associated with the enzyme activity [1, [10] [11] [12] . Studies which were included in the present meta-analysis did not report these factors. Further well-designed large studies are required to investigate gene-environment interactions and combinations of genetic polymorphisms.
Conclusions
The paraoxonase activity was increased in the QR and RR genotypes. This elevation was greater among Caucasians than those among Asians and Africans. The activity in the LM and MM genotypes compared with the LL genotype were decreased, this reduction in Caucasians was greater than Africans. There was significant heterogeneity between studies for both polymorphisms and subgroup analyses did not reveal sources contributing to the heterogeneity. At least in part other PON1 polymorphisms and environmental factors may accounts for heterogeneity between studies.
